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NEW RECEIVING TECHNIQUES
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PROGRESS \DURING

Tirly 190 MAnE 1961

This is the ninth in a series of monthly letter
reports on a feasibility study to examine the principles
and limitations of the frequency time transformation as
applied to a self adjusting spectrum filter, together with
breadboarding of some critical eircuits.

The final report 1s presently being typed and
will be forwarded diring the next interval.
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NEW RECEIVING TECHNIQUES
PROGRESS DURING
February 1961

This is the eighth in a series\of letter reports on
a feasibility study to examine the priskiples and limitations
of the frequency time transformation as applied to a self
adjusting spectrum filter, togéther with breadboarding of some
critical circuits. \

The last of the breadbo&rd dircuits needed to complete
the system has been finished.\ The entire system was assembled,
aligned, and compression and dispersion characteristics measured.
In addition tests were made of the effectiveness of amplitude
shaping for signals of different input frequencies.

;@ In the breadboard system (Figure 1) a 27 Mc input
- signal is mixed with a 37 Mc swept L.O. producing a 10 Mc
swept signai which is fed into the first compressive network.
The network output is then mixed successively with a second
37 Mc swept L.0. and a 53 Mc crystal oscillator to produce
the 6 Mc compressed output. The dispersion process begins with
mixing the 6 Mc output with the second 37 Mc¢ swept L.0. and

inverting with a 33 Mc crystal oscillator to produce the 10 Mc
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input to the second compressive filter., The output of this

filter constitutes the dispersed waveform. Actually a third

swept L.0O. should follow this filter output to produce a signal

equivalent to the input. $Since this mixing would have no effect

on the output amplitude it was not included.

The reason for mixing the compressed output with a

second swept L.0. and then inverting the process by mixing

again with the same L.0. may not be readily apparent. This

was done to allow the insertion of an amplitude shaping network

between the two mixers. If two input signals enter the‘compression

system they produce similar swept sin x/x outputs differing only

in time of occurrence and center frequency. If an amplitude

shaping network is designed to effectively suppress the side-

lobes of one signal it must have a frequency response centered

at that frequency. Therefore it could not effectively suppress
;o the sidelobes of one signal it must have a frequency response

centered at that frequency. Therefore it could not effectively

suppress the sidelobes of the second signal. If a second L.O.

is placed before the shaping network, synchronized with the

the first sweep and delayed from it by a time equal to the

average delay through the compressive filter, the center frequencies

of different sin x/x pulses will be the same. Thus the amplitude

shaping network will suppress sidelobes on all signals entering

the system. The second mixing process is then necessary to

restore the frequency dependence of the compressed outputs before

beginning the dispersion process.
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The 53 Mc and 33 Mc crystal oscillators are used to
invert the compressed output before dispersion. Normally
the net@ork used to disperse the compressed waveform would
have a slope equal and qpposite to the slope of the compressive
network. Since both our networks are identical, the same effect
is obtained using the inversion process. This reverses the
frequency spectrum of the compressed waveform and causes it to
be dispersed in the second network.

Tests of both compression and dispersion were made with
three different input frequencies. Figures 2, 3, and . show
the compressed outputs for inputs of 26.5, 27.0 and 27.5 Mec.
Figures 5, 6 and 7 show the same outputs with sin x/x shaping
added. PFigures 8, 9 and 10 are the outputs of the dispersive
filter. These photos show there is a great dependence upon the
frequency of the input signal to sidelobe level, with and with-
out shaping. These differences can only be attributed to
variations in the time delay characteristic. However, the
shaping network gives noticeable improvement of sidelobe
level over most of the frequency band. Output after the
dispersive network shows considerable amplitude variation over
the sweep period which is also dependent upon the input
frequency. Both phase and amplitude variations can cause
this result. The amplitude response of the two networks can
only be compensated within 6 db due to erratic variations of

their amplitude response with frequency. These amplitude
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variations are seen directly in the output. In addition,
phase -errors in the system cause peaks and nulls in the
recombined output.

This completes the ma jor breadboard portion of the
study project. There are a few items of doubtful importance
which may receive some attention, but it is anticipated that
the main effort from now on will be in assembling the data

N and writing a final report.
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NEW RECEIVING TECHNIQUES
PROGRESS DURING
January 1961

This is the seventh in a series of letter reports on
a feasibility study to examine the principles and limitations
of the frequency time transformation as applied to a self
adjusting spectrum filter, together with breadboarding of
some critical circuits.

This last month has seen the completion and testing of
the second compressive network, continuation of efforts to
complete the system, addition of a more linear sweep drive,
and positive results from the computer effort to analyze the
effect of time delay errors in the system.

The second network was completed using great care to
- reduce all errors in alignment. Leads were shortened %o

minimize stray inductance. Where lead length had to be
appreciable (up to 2 inches), low inductance copper strips
were used ©To make connections. In tuning resonant circuits,
a frequency counter continuously monitored the input freqiency
to insure a proper setting. The resultant network was then
tested using the same method previously used to measure the
phase response of the first network; measuring the frequency

difference between successive nulls of the arithmetic difference
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between input and output. The first network response was
then measured again. The resultant time delay curves are
shown in graphs 1 and 2. Despite all the cares taken in
building the second network the magnitude of the time delay
errors of both networks is about the same. Also, the slopes
and linear ranges are remarkably equal.

\,ﬁ Work has continued to complete the system. At present
just a few small chassis are needed in addition to the
present set~up.

The linear slope generator used to drive the swept
oscillators were rewired to provide a delayed inverse sweep
voltage. 1In addition the slope linearity was improved and the
flyback time was reduced to one usec.

In the computer department, an analytic solution has
been found which predicts the difference between the observed
output and a sin x/x waveshape due to errors in the system
phase response. First, by minimizing mean square error, a
"best fit" linear time delay curve was found from the
experimental data. The phase error, & (¥ |, was then

approximated by the function,

—agne Y
A@“qo mz
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Y is a dummy variable proportional to frequency. The

computer was then programmed to find the output with this

phase distortion. A comparison of the computed output to a

sin x/x is shown in graph 3. The widbth of the main lobe is

essentially the same, but the output is skewed and the largest

slidelobe is 10 db below the maximum output instead of 13 db

in the sin x/x. A photograph of the experimentally observed
\,‘ outpdt is included to compare with the computer results.

During the next month the system should be completed
and tests on it begun. In addition some more effort in

amplitude shaping to reduce sidelobes is expected.
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NEW RECEIVING TECHNIQUES

PROGRESS DURING DECEMBER 1960

This is the sixth in a series of letter reports on a
feasibility study to examine the principles and limitations
o, of the frgquency-time transformation as applied to a self
adjusting spectrum filter, together with breadboarding of
some critical circuits.
Construction of a second compressive network which
when added to the present system, will complete the cycle
of frequency to time to frequency transformation is underway.
This second filter is similar to and interchangeable
with the first network although it will be used to produce
dispersion because of the inverse sweep applied to it. The
difference is the care and precision used in making the toroidal
coils and in alignment of the filter sections. For the first
filter, the Q meters used for measuring the inductors were
found to lmve errors of 3 to u% and inductance values were
found to vary as much as 2% after Q doping. For the second
filter toriods were adjustéd on an accurate Wayne-~Kerr bridge
at the frequency at which they are to resonate in the completed
filter. These inductors were Q doped, allowed to set, and then
readjusted to the proper value. With this technique inductance

values are in error by less than + 1% of their theoretical value.
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It is thought that the linearity of delay will be improved
compared to the first filter. This fact will be checked
experimentally.

To investigate the use of limear time delay networks
over wide bandwidths a quadruplet section was built at 200 Mc
with a linear time delay range of 50 Mc and a time-delay-
bandwidth product of 20. This section was built in a volume
approximately 1/7 of the value used in the compressive network
at 10 Mc in line with the idea of miniaturization. At this
frequency it was found that the small wolume had a marked
effect on the insertion loés. This was due to the lowering
of the Q of the reactors by the proximity of the case and to
the detuning effect introduced by small changes in physical
layout. With the available components it was found that the
maximum insertion loss of the section was 10 db. Such a
large loss per section would adversgly affect the delay
linearity and would require the use of complex amplitude
compensation networks. Lump circuit techniques are not
recommended for compression at 200 Mc.

Analysis of the effect of non-linearities present in
the compression system, by using computer techniques, has
been found to be more involved than previously thought. A
power series approximation to the time delay curve does not
give a good fit to the measured data. A new approach is needed

if any useful results are to be obtained.
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PROGRAM FOR NEXT INTERVAL

Future efforts involve further investigation of the
feasibility of building a miniaturized linear time delay
network, the testing of the second filter, a breadboard
system, and further use of pulse shaping for effective

sidelobe reduction.
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NEW_RECEIVING TECHNIQUES

3 PROGRESS DURING NOVEMBTR 1960

This is the fifth in a series of letter reports on a
feasibility study to examine the‘principles and limitations
of the frequency~time transformation as applied to a self
ad justing spectrum filter, together with breadboarding of some
critical circuits, |

| Effort has been conoentrated this month on improvementé
to the present compressive system and to looking et possible
use of this technique in noige analysis, In addition there has
been further analysis of the time delay linearity and its effects
upon compression and side-lobe level, .

Main improvement in the present system has occurred with
the addition of pulse shaping, Two general types have been
approximated; first, Gaussian and second, sin x/x. These were
chosen bécause the Gaussian is a close approximation to the
miniﬁum side~lobe Dolphafchebycheffvchéracteristic, and the
sin x/x in the 1imit'produces an ideal square pulse, Both were
found to effectively reduce side-lobes,

The sin x/x shaping was approximated by a three section
filter heving & single tuned passband with a frequency reject
on each side of the passband., Side-lobe suppression was found

to be greatly dependent upon the distance between the re ject
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bands with meximum auppression bccﬁrrihg when this distance
was approximately equal to the oseillator sweép. The Gaussian
response was approximated'with a four'pole Bessel filter, In
general all side~lobes were reduced with this filter while the
sin x/x had its greatest effect upon the'sideolobes near the
main pulse, ' | |

The cbmpressionvéharacteristics'of the network were
measured using the test set up shown in Figure 1. The sweep
width of the L;O, was adjusted for different values of
compression, It was found that the ratio of actual to theoretical
compression was approximately 1.0 at low values of compression,
This ratio slowly decreased, until at maximum theoretical
compression of 48 1tAwas 0.67o (See Graph #1)., The ratio of
main lobe to first_sidenldbe was measured in the same set up,.
This quantity varied between 8 db and 10.4 db compared to a
theoretical value of 13.l4 db (see Graph #2)e

In the noise analysis problem preliminary design hes begun
on a system with a 20 Ke bandwidth and 100 cps resolution using
a center frequency of 100 Kec, The filter would have 28 K¢ linear
bandwidth and a maximum theoretical compressiocn of 392, With
quadruplets as the basic section, the network would consist of
‘500 all pass sections, Element values have been tabulated
(Table 1) and secm to be easily realizable, The basic all pass

section is shown in Figure 2,
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The main concern with the above gystem is whether the
desired linearity can be maintaiﬁed.to achieve the high |
compreséion required, In order to.givé assurance of the
deéired compression, a fechniqua of'Splitting the cbmpressibn
'betwéeﬁ‘two filters has been given eonsidération. Tﬁia meﬁhod
uses networké of equal bandwidth and compression, but with the
centoer frequencies staggered to cover twice the bandﬁidth.

The output of one of the compression networks is senﬁ through
e delay line and then is summed with the output‘of.the second
network, (See Figure 3)., Effectively, both differential time
delay and bandwidth are doubled giviﬁg a compresgsion four
timeé-that of a single fiiter,

Additional anelysis of the phase response measurements
of the compreasive network has resulted in more accurate
determination of the differential time delay, It was found
that greatest error in linearity ceccurs baﬁween 8.6 and 9.2 Mc
where the maximum deviation amounts to 5%, Over the remainder
of the band, 9.2 to 11,4 Mc, the linearity is within 1%.

‘An attempt is being made to determine the effect of non-
linearities on the system, A4 preliminary snalysis assuming
uniform step changes in time delay over the frequency band has
determined that the compression is not greatly effected, but

that the side-=lobe level increases appreclably with decreased
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linesrity, At praéent we are.investigating computer techniques
to determine the actuai effect of the measured time delaj.upon
the output, | | ‘

The nolse analysis capability of the system‘has béen
retested. Using the same‘test set up as shown in 1as£ months
report, pictures were taken for equal power déhsities of the
wide band and narrow band inputs. As seen in the two photographs
(Figures 4 aﬁd 5) the narrow band noise is discernible only
after passing through the compreésive filter,

PROGRAM FOR WEXT INTERVAL

Detall study of the principles and limitations of the
network will continuve, An investigation will be made as to
the extent to which the size of the compressive network can be

reduced without sacrificing any performance characteristics,
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STENAL CoMPRESSIVE AMPLITUDE WIDEBAND
GENERATOR — MIXER I NE TWOR K ™ EQuALIZER > AMPLIFIER B SCOPE
SWEPT
L.O.

FICURE |- TEST SET-UP FOR COMPRESSION MEASUREMENTS.
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FIGURE 2.- BASIC ALL- PASS SECTION
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FIGURE 3.- METHOD OF COMBINING Two COMPRESSIVE NETWORIKS
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La uh I"b mh Ca uf Cs uf
Pole 1 29 1.0 - 2l .0033
Pole 2 58 <70 16 0045
Pole 3 Ll .53 .12 .0052
Pole It 50 40 092 .0059

TABLE 1 « Element values of Quadruplet
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P M CRIVING Sulall LOgYS

PROGURMOG DURING 002051 1960

in ¢the passt nonth general tests of the compresslve systen

have shown it to work asg expecteé as is discussed in our provious
noathly reperts. In ocrlier roporis we have iundicated that the
 .cempressod pulse uould have a z&%“g smplitude wodulation because

of tho ban? 1imitod charastor of the system. &5 observed in the

Eroadboard reocoiver Gho ecompressed pulse 1o o distorted or

-7

agyanotbric Qi%;& pulee giving largor slde lobes after meln love
thaon prior to it. It is exmpected that tho asymnetry of the slde
lohen can be attributed $o tho faect that he Jelay notuworik 10
band limited ond alse the freguency swecp io slishily nonelinoar,
Proliminsry tests have been made with bLoth one am@ w0
gignels in the recolver passband, Uith o 2 iz owoop, sigsala of
@quél amplitude can bo distinguished at o seporation of 100 Ke.
She féequ@ncy resolution of tho veceiver wes further demoastrated
by observing the cerrier and sidebands of an inpub signel
emplitude modulated uith 1C0 e, Thig produces 3 penapraitely
aigeeraible pulses as vicwed on the dilsplay scope. rhotogrsphs

of comprossed pulses ore shouwn bolou,
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o COMPrEssed Output with
sh]gne signal in passband.

| Sweep width 2 Mo

Time scale 2 usec/cm

ﬁnlarged view of compressed
pulse shoéing gwept R.F.
under envalbpe

Time scale 0,k usec/cm

Plgure IIX
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Comprasaeﬁ éﬁigat with
two signsls in passbeand,
Frequeney separation

| 1s 88 Ke.

Time scale 1 usec/cm

Figure IIX
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The oyotem blesk dlagren used in those tests lo piven belo,
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Fipure IV

Holge imputo wore further lnvostl ated Go nseepbain tho
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The nolse gensrator provides wide band nolse which is
passed through a bandpass filter equal to system bandwidth,
To this reletively wide band noise is added an extrs amount of
relatively nerrow band noilse in the center of the band, When
this complex input signal is viewed directly on a A-scope it
is imﬁossible to tail the presence, 1et alone the frequency
‘;: location, of the narrow band noise within the wide band noise,
However, when 1t is viewed with a compressive receiver, the
narrow band noise groups in a clearly definable manner as is
indicated in the photograph below, It should be noted that
this can be done with a 100% intercept §robability. Frequency

can be read by calibrating the sweep voltage in terms of

lﬂ%
.

uarvew—banﬁ noise boﬁh greaemt.
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Tho reoulis to dato aro nob the bost thob can be obialned
vith our compressive Piltor. Tho oquipnont has been mm ot o
compronsion factor about 15 whon 4T hag o thoorotical

conablility of 50,

Paturo offert is belng concontrated on on ceeurabe
monouroneny of tho tine delay charcelorictic of tho comprescivo
notwerit and om obtoluinz a mors limeor swend L.0. A truly
1inoor nuopt L.C. i8 nw&aamary'%ﬁ aghicve comorocsion ratles
that avprooch the thoorotical.

Eefors will cloo o apent on conolderablon of 8 eomHFOLSLVO
nedbworlz of bondwidih of 50 He to be weed 0o o CpoekPun a20lYseP
wvith o 1207 intorsent probsbllity and AP buaduidih of 23 %o,

It iz folt thot souolution of 5 He within Cho hondwaos of 25 s

10 copily poosiblo with tho tochnigque used 1u thic pyatoll.
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pORERY mm TOEWIONTD
PROGUESS POUNING SUPTIONIR 1060

Thic is the third in & gorlos of lobtor x mm on
4 Leasihillsy atudy to onanine the princinlos and Iioltztiong
of tho ;i‘mmmw«i‘;zm fronaformetion an atied Yo 4 polle
adjuating anscbren f1lter, topethor with breadhoapdine of
gaae epritleal oirveniis, In cocordance with Jlsounsions widh
tho eontractorts poprogoentobtive the filter Ls no lonrer
sogbriabed to caslasion of all slpnals shove a prosont threshold,
4 esmposslivo notworl: conslablng of OO cascaded ulle
paes goobions Lo boon Will, Tho Industore and caniaclions
in the individual soctlens were adjusted to & 17 of the
theorebliesl valuss. o manleun adtenuabtlon of  theo notwor
Lo ubeul 30 b and oconrs ad tho lower odrs of tho band
(2.6 Znde A band pasp £12%oy will be reculiuord o 3?@:-’29%
srarious vosponnes oocursling oulside of tho band of Inhewnest,
Inibtial peasurament of the phase posponzme of fhe nobe
wvoerl has beon mado, Poon the dada,; o Mfferential $tse delay
ve Proguonoy rosponge was ealenlatod and platbed, The nlold
shows Qn averacs Lincarlty of 5 pereend In the pass boand.
7¢ 45 bolicved That the lineami by 1ln Lotter than
2 poreont and that ¢ho phapo ncaguringe beelmicue rather ¢han

the nolwork contribubos o tho deviations fron Linearity. Tho
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phage neagurencat was nado by measurine frocucncies foo which
the notworis providen 2 maddons of phbeo ohift {ulwuye
voiabive o tho ovovilous rwasurpanent). Tho oibout from oo
sirmal ronorator in divided into twe m nhe, one pant bolae

folt to o Cilser and 2 poeond %o an gbtomosos,  The suboul fpom
tho a%beamator 16 adjuptsd o havo 18n anplitude emuul &p the
cutput aveiloble fres the  itor. The M Tcronce hetween the
attonuator and Jilbar mmm% in obtalned by oaus mf? a G327
wlth @ AAfferontial aanlificr,  The sipnal reserabor froguensy
is then adjusted Lo 4 ninfaws cutput as vicwed sn the €10,
Thig freguency im mecesdod. Tho sipmal -oncpaton Deaouaney Lo
vaziod and each suscessive Fsops® (ninfia) encoumBowed ta
rososiad.  Tho asaclin- botuoon o seros 18 ot Intarrals oF

2 radiann., Othop phuno and time doley rwasuring koclmficonon

are belng ernlored that wenld nrovidso cwes aepmmés Gati,

7D

T

| T oumprogeive nobworl, sseiliabors, uivers, wolilfters
and Tilters will Lo dnbegratod So form a cowressive roostvew,

cvaluation tesln will bo sturtod.
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25 July 1960

NEW RECEIVING TECHNIQUES
PROGRESS DURING JULY 1960

This is the first In a series of letter reports
on a feasibility study to examine the prineiple and
limitations of the frequency time transformation ag
applied to a gelfw-adjusting spectrum f1lter together
with breadboarding of some critical circuits. The
gpecific type of self-adjusting filter is expected, with
uge of amplitude signals ag a criteria, to reject’all
signals above a gpecified signal level.

Present effort on this project is familiarization
of project personnel with the euggeatéd techniques, and
as a preliminary measure, by heurlstic reasoning to
supplement presently available knowledge of compression
techniques to communication problems.

Compression technigues have been utilized in radar
applications where the problem is to illuminate a target
with a maximum amount of energy. Radar transmitters

have become peal power limlted and as proposed by
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R. A. Dicke® (reference 1) a pulse of long r-f duration
ig tranamitted which is linearly swept in frequency

{low to high). The echo return fromn thils transmltted
pulse 1s applied to a network {a compressive filter)
which linearly delays lower frequencles longer than

high frequencies. Thse output of the network is a narrow
pulse which is utilized for range resolution accuracy of
the radar target. Ag ls shown in reference 1 the shape
of the compressed pulse follows a Sin X/X amplitude
mttern, A atudent of transforms {LaPlace, Fourier, etc)
would possibly anticipate this result.

In the communications application proposed, the
transformation is accomplished by means of a swept L.O.
In viewing a CW signal in a band restricted raceiver.
following & mixer which also receives a swept L.0. lnput,
the i=f output will "plot out" the bandpass of the network.
This i-f output can be considered as a pulse containing
a carrier which 1s linearly swept. As in the radar
tranamission previously described, this fm pulse is
applied to a compressive network., It 1s expected here,
that the (W signal transfoxmed into the time domain will
exhibit a Sin X/X modulation as obtained from compression

of the awept radar pulse. IFf there were no bandwidth

“*Ref. 1 = Charles E. Cook, "Pulse Compression = Key to lMore
Eff.;ggar;go Radar Transmissions", Proc. IRE, March. 1960,
PP 540U= . .
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CONFIDENTIAL

-3«-

restrictions the Sin X/X function would shrink into an
impulse and could be simply gated out of the receiver.
On the other extreme if the bandwldth is made narrow
the 1-f output becomes continuous in time and cannot
be gated. Bandwidth considerations, rate af decay of
S8in X/X type functions, degree of signal exclusion
required, feasibility of constructing time delay
networks, other receiver parametere, etc. are among

the considerations which are to be studied.

PROGRAN FOR NEXT INTERVAL
During the next interval the effort will be divided

into several areas. One area will be of more detailed
study of the principles and limitatl ons of the self-
adjusting spectrum filter applied to amplitude eriteria,
Other parallel eoffort will be directed towards breade
boérding of essential parts of such a receiver (a swopt
recelver, compressive network, and time gates). During
this interval a conference is expected to be held with

the contractors representative to further discuss proposed

objectives.

CONFIDENTIAL
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